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(71) We, British Steel Corporation, 
a Corporation incorporated and existing 
under the Iron & Steel Act 1967, of 33 
Grosvenor Place, London, S.W.I, do hereby 
5 declare the invention for which we pray 
that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 
10 This invention relates to recuperators. 

Metallic recuperators comprising tubes 
located in a waste gas duct for utilising the 
heat in waste gases from a furnace to pre- 
heat combustion air flowing through the 
15 tubes are well known. Such recuperators 
are used in conjunction with industrial 
furnaces such as soaking pits and slab re- 
heating furnaces. Proposals have previously 
been made for recuperators having a partly 
20 ceramic construction, e.g. incorporating 
ceramic recuperator tubes. The advantages 
of recuperators of ceramic construction are 
that they can be used at higher operating 
temperatures and give longer lives than 
25 metallic recuperators. Their chief disadvan- 
tage is that they are prone to high leakage 
rates which result from the cracking of the 
ceramic materials and joints under expan- 
sion forces. Recuperator walls built of re- 
30 fractory bricks are particularly prone to this 
type of cracking, and even if a steel sup- 
porting shell is used there can be problems 
with the distortion of the shell under thermal 
stresses which will give rise to leakage. The 
35 problem is particularly acute where the re- 
cuperator tubes are sealed into header boxes 
fitted on the outside of the recuperator 
walls, since the wall can then not be sup- 
ported by a steel shell if the recuperator is 
40 operating at high temperatures. Leakage 
can then occur from the relatively high 
pressure air stream in the header boxes into 
the relatively low pressure hot waste gas 
stream passing through the recuperator from 
45 the furnace. 

It is an object of the invention to pro- 
vide an improved construction of recuperator 
which reduces this leakage. 



The invention provides a recuperator com- 
prising a gas duct and including a plurality 50 
of generally horizontal tubes located at their 
ends in opposite walls of the duct, in which 
each opposite wall includes at least one 
monolithic refractory block having a plur- 
ality of holes extending through the thick- 55 
ness of the block, a respective tube end 
extending into each said hole and each such 
hole being of greater cross-section towards 
the outer side of the wall than at the duct 
defining inner side of the wall, and in which 60 
each said monolithic refractory block defines 
a section of duct wall which abuts another 
section of duct wall, the abutting joint being 
overlapped by a refractory member to pre- 
vent substantial leakage of gas through the 65 
wall of the duct at said joint. 
. Preferably the recuperator includes an- 
nular ceramic inserts fitted into the block 
so that the holes extend through the inserts 

It is preferred that the holes in the block 70 
are circular and the diameter of the holes 
at the outer side of the wall is greater than 
that at the inner side of the wall. 

It is also preferred that at least part of 
the bore of each hole is tapered. 75 
Preferably the tubes are ceramic. 
It may be preferred that the abutting 
surfaces of the refractory block and an ad- 
jacent section of the refractory wall have a 
tongue and groove joint formation to assist 80 
in the location of the block and section 
whereby to reduce leakage. 

Specifically the recuperator may include 
two or more pairs of opposed monolithic 
refractory blocks, each opposed pair being 85 
mounted one upon the other, and corre- 
sponding tubes located at each of their ends 
in opposed blocks, the arrangement forming 
a vertical set. All the tubes in any one 
pass of the recuperator may be located in 90 
one such vertical set. One pass of the re- 
cuperator is defined as a section of the 
recuperator across which all the gas to be 
heated in the recuperator passes once. There 
are usually several passes in a recuperator, 95 
thus enabling the gas to be heated to cross 
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the recuperator several times thereby in- 
creasing the temperature of the gas to be 
heated in several steps. The last pass is 
normally at the hotter end of the recuperator, 
5 i.e. adjacent the end of the recuperator 
where the waste gas from the furnace enters. 
By locating all the tubes in any one pass 
of the recuperator in one vertical set, the 
number of joints in the wall of the recuper- 

10 ator can be reduced, and any leakage can 
thereby be minimised. 

The recuperator may include compressible 
annular seals surrounding the outer circum- 
ferential surface of the end of each tube, 

15 and means for maintaining the seals in a 
compressed state, recesses being provided in 
the sides of the holes in the blocks which 
cooperatively engage and hold the means 
for maintaining the seals in a compressed 

20 state. 

Projecting means formed as part of each 
block and extending into the holes in the 
blocks may be provided for centrally locat- 
ing the tubes within the holes. 

25 in the accompanying drawings, figure 1 
shows a plan view in section of part of a 
recuperator being one embodiment of the 
present invention, and figure 2 shows a cross 
section on line II II of figure 1. 

30 A number of parallel ceramic tubes 10 
are mounted across the duct 50 which car- 
ries hot waste gases from a furnace (not 
shown). The tubes 10 arc located at their 
ends in respective monolithic refractory 

35 blocks 11 and 12. Each block 11 and 12 
forms a section of the continuous wall of 
the duct 50, adjacent refractory sections to 
block 11 being identified as 13 and 14, and 
adjacent refractory sections to block 12 

40 being identified as 15 and 16 respectively. 
A further pair of opposed monolithic blocks 
positioned further along the duct can be 
seen partly at 17 and 18, adjacent sections 
14 and 16 respectively. A further set of tubes 

45 10 extend between monolithic blocks 17 and 
18 but these are not shown. The joints 
between abutting sections of the wall of the 
duct 50 have tongues and grooves which 
assist in location of sections of the wall and 

50 also minimise leakage into the duct 50. 
Each abutting joint is overlapped on the out- 
side of the wall by either a refractory block 
19, such as that overlapping the joint between 
block 12 and section 16, or by the end of 

55 a refractory wall 20 such as that shown 
overlapping the joint between block 12 and 
section 15. The joint between block 11 and 
section 13 is similarly overlapped by the end 
of a refractory wall 21 and the joint between 

60 block 11 and section 14 by the end of a 
refractory wall 22. 

The tubes 10 are made of silicon carbide 
which is a heat-conducting ceramic material. 
Air to be heated in the recuperator is passed 

65 through the tubes 10 thereby enabling heat 



from the waste gas in duct 50 to be trans- 
mitted to the air. There are eight tubes 10 
in two rows of four located in holes in the 
pair of opposite wall blocks 11 and 12. 
There are four pairs of similar wall blocks 70 
11 and 12. There are four pairs of similar 
wall blocks positioned vertically above one 
another as seen in figure 2, so that there are 
in total thirty-two tubes in any one pass 
of the recuperator. The horizontal points 75 
between each block are tongued and grooved 
for purposes of location. Satisfactory seal- 
ing is generally obtained between the blocks 
by the action of gravitational force press- 
ing each block tightly onto the other. Re- 80 
fractory fibre layers between the blocks can 
be used if sealing is unsatisfactory due to 
uneven surfaces in the joints. 

The refractory wall 20 forms part of the 
wall of a header box 51 which serves to 85 
take the air from a previous set of tubes 
located between blocks 17 and 18 in which 
the air has already been heaied* and supply 
it to the set of tubes 10 located between 
blocks 11 and 12. . 90 

The refractory walls 21 and 22 define a 
second header box 52 which serves to collect 
heated air leaving the tubes 10. The air 
in the tubes is under pressure and flows in 
the direction shown by the arrows marked 95 
within the tubes 10 in figure 1. The second 
header box 52 is connected to an outlet (not 
shown) which conducts the hot air to the 
process plant in which it is to be used. 

The recuperator is supported by steel 100 
beams 23 adjacent wall section 16 and 
beams 24, 25, and 26 adjacent sections 15, 
13, and 14 respectively. Beams 23 are sur- 
rounded by hot refractory structures and 
therefore require cooling. This is pro- 105 
vided by a pipe 27 through which cooling 
air is discharged. 

Each tube 10 is located in a hole in the 
monolithic refractory blocks 11 and 12. 
Each block has a number of annular inserts HO 
30 which are fitted into the blocks so the 
holes in the blocks extend through the 
inserts 30. Each insert 30 has a recess 32 
on its inner face which cooperatively engages 
a protrusion 33 on an annular single-piece 115 
ceramic locking ring 34 which serves to 
maintain compressible annular seals 60 sur- 
rounding the tube ends in a compressed 
state. 

Projections (not shown) extend into each 120 
of the holes from the block for centrally 
locating the tubes within the holes. These 
projections are cast into the block when it 
is made. 

An alternative embodiment of the inven- 125 
tion does not include inserts fitted into the 
blocks, but has the tubes located into taper- 
ing holes which are cast into the mono- 
lithic refractory block. 

Having regard to Section 9 of the Patents 130 
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Act 1949 attention is drawn to the claims 
of our Patent Application 20998/74 (Serial 
No. 1,504,703). 

5 WHAT WE CLAIM IS: — 

1. A recuperator comprising a gas duct 
and including a plurality of generally hori- 
zontal tubes located at their ends in oppo- 
site walls of the duct, in which each opposite 

10 wall includes at least one monolithic re- 
fractory block having a plurality of holes 
extending through the thickness of the block, 
a respective tube end extending into each 
said hole and each such hole being of greater 

15 cross-section towards the outer side of the 
wall than at the duct defining inner side of 
the wall, and in which each said monolithic 
refractory block defines a section of duct 
wall which abuts another section of duct 

20 wall, the abutting joint being overlapped by 
a refractory member to prevent substantial 
leakage of gas through the wall of the duct 
at said joint. 

% A recuperator as claimed in Claim 1 

25 including annular ceramic inserts fitted into 
the block so that the holes extend through 
the inserts. 

3. A recuperator as claimed in Claim 1 
or Claim 2 in which the holes in the block 

30 are circular and the diameter of the holes at 
the outer side of the wall is greater than 
that at the inner side of the wall. 

4. A recuperator as claimed in any pie- 
ceding claim in which at least part of the 

35 bore of each hole is tapered. 

5. A recuperator as claimed in any pre- 
ceding claim in which the tubes are ceramic. 

6. A recuperator as claimed in any pre- 
ceding claim in which the abutting surfaces 



of the refractory block and an adjacent 40 
section of the refractory wall have a tongue 
and groove joint formation to assist in the 
location of the block and section whereby 
to reduce leakage. 

7. A recuperator as claimed in any pre- 45 
ceing claim including two or more pairs of 
opposed monolithic refractory blocks, each 
opposed pair being mounted one upon the 
other, and corresponding tubes located at 
each of their ends in opposed blocks, the 50 
arrangement forming a vertical set. 

8. A recuperator as claimed in Claim 7 
in which all the tubes in any one pass, as 
hereinbefore defined, of the recuperator are 
located in one vertical set. 55 

9. A recuperator as claimed in any pre- 
ceding claim including compressible annular 
seals surrounding the outer circumferential 
surface of the end of each tube and means 

for maintaining the seals in a compressed 60 
state. 

10. A recuperator as claimed in Oaim 9 
in which recesses are provided in the sides 
of the holes in the block which co-operate 
with and engage means for maintaining the 65 
seals in a compressible state. 

11. A recuperator as claimed in any pre- 
ceding claim including projecting means 
formed as part of each block and extending 
into the holes in the block for centrally 70 
locating the tubes within the holes. 

12. A recuperator as claimed in Claim 1 
and substantially as hereinbefore described 
with reference to and as shown in the accom- 
panying drawings. 

B. THORPE, 
Chartered Patent Agent. 
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